Abstract-Nowadays, Power Line Communication (PLC) using pre-established Power Lines (PL) becomes more attractive for high data transmission technology. With the development of this technology utilizing distribution line, the medical data such as human Heart Rate (HR) can be transmitted over the power line channel. This paper presents a case study of HR Monitoring System (HRMS) involving the use of PLC as a channel to transfer the patient HR measured by Pulse Oximetry (PO). The collected data from the hospital will be stored in the system. The transmission of data on PLC is achieved by using Orthogonal Frequency Division Multiplexing (OFDM). The performance of the above techniques is evaluated based on the Bit Error Rate (BER).
INTRODUCTION
Measurement of blood flow provides valuable information about function and regulation of the circulation. Heart rate is measured using the pulse oximetry technique which is a noninvasive way of measuring the pulses. This technique is based on the plethysmography method to measure the flow of blood in the limbs. Here, Hemoglobin acts like filters that allow the wavelength red (660nm) and infrared (910nm) pass through while other wavelength ranges are blocked. Hence, PO uses two wavelengths of red and infrared which are transmitted on the soft tissue bed such as the finger or earlobe. The oxygen concentration in the blood as well as the heart rate can be determined based on the light absorption coefficients of oxygenated and deoxygenated hemoglobin contained in red blood cells [1] [2] [3] .
PLC is identified as a technology which utilizes existing Electric Power Line for communication. Communication in a power line network must occur at three levels -High Voltage (HV), Medium Voltage (MV) and Low Voltage (LV). The HV network consists of strategically positioned major substations within the supply region. The MV network consists of many distributor substations that are linked to the major HV substations via branched networks or underground or overhead MV cable. Residential consumers are connected to the LV network and no communication infrastructure exists at this level [4] . The availability of PL outlet/ socket makes PLC technology flexible. PLC has the advantage of being an independent communications network where existing cable infrastructure can be used for dual purposes [5] . To investigate the suitability of utilizing a medium voltage of power line for data communication channel, the channel can be modelled as having a time-varying, frequency dependent, signal-to-noise ratio over the communication bandwidth [6] . Therefore, echo model of the channel is considered since it offers reliable way of data transferring with minimum BER.
OFDM is a technology that transmits multiple signals simultaneously over a single transmission path, such as a cable or wireless system. It offers resistance against multipath, burst noise, frequency interference, dispersion, fading and distortion. In this work, the technology of using PLC with OFDM for data transferring is presented. The paper is organized in the following manner. Section 1 gives a brief introduction about the HRMS. Section 2 and Section 3 are dealing with the HR measurement and the modelling of power line channel respectively. Section 4 presents the results followed by conclusion.
II. HEART RATE MEASUREMENT SYSTEM
The overall block diagram of the HRMS is shown in Figure  1 . HR measuring unit uses PO technique. PO is based on the principles of Beer-Lambert's law. The law states that when an incident light goes through a uniform medium, a part of the light is absorbed by medium, and the rest is transmitted through the medium. The intensity of transmitted light is given by: and deoxygenated haemoglobin [3] . The transmission type of PO block is shown in Figure 3 . Here, the red and infrared lights are passed into the tissue and the remaining light after absorption and scattering are detected by using photo detectors. Figure 4 shows the reflectance type of PO, as seen from this figure, the light will pass into the tissue and the captured rays by the photo detectors are used to calculate the heart rate [4] . The measurement system of heart rate is shown in Figure 5 . In this system, the Microcontroller (µC) is generating the frequency of red and infrared wavelength. The heart beat sensor on the PO reflectance calculates the HR and transmits to the µC. The controller receives the details from the reflected waves and displays the HR in the Liquid Crystal Display (LCD). This data also stored in the personal computer (PC). The high frequency signal of power line channel is mainly interfered by various additive noises. Such noises are presented in the block diagram as seen in Figure 6 . The high frequency interference environments of PL can be divided into the following types of noise [6, 7] :
• Colored background noise;
• Narrow band noise
• Periodic impulse noise synchronous with power frequency
• Non-periodic impulse noise
• Burst noise
• Additive white Gaussian noise
The simulated model of PLC is illustrated in Figure 6 and the frequency response of the multipath PLC is given by [8] , Figure 7 shows the transmission and reception of data using OFDM model. The stored HR data in the system is transmitted on the PLC model using OFDM technology. OFDM technique is applied in the following way: Inverse Fast Fourier Transform (IFFT) is implemented at the transmitter and Fast Fourier Transform (FFT) at the receiver so that the Inter-Symbol Interference (ISI) channel is modified into parallel ISI-free subchannels with gains equal to the channel's frequency response values on the FFT grid. To eliminate Inter Block Interference (IBI) between successive IFFT processed blocks, Guard Interval (GI) of length not less than channel order is inserted in the entire transmitted block. In the receiver, GI is discarded in order to suppress IBI and converts the linear channel convolution into circular convolution [7, 9] . In OFDM transmission, the information symbols ) (n s are first converted into parallel blocks of length N as given in (3) and IFFT is performed on the blocks A simulation study of data transmission has been carried out using Matlab program. The HR data is transmitted over PLC based on OFDM technique as explained in the previous section. To insure the high efficiency of the system, BER is applied to evaluate the performance of the OFDM. The prototype used to measure the heart beat rate and display the value in the LCD is shown in Figure 8 . This hardware was tested to assure the performance of sensor. The results of this study are graphically shown in Figures 9, 10 and 11 . These Figures show the BER Signal-to-Noise Ratio (SNR) for different IFFT. In the simulation, the size with guard time was changed in the range of 20, 32, and 48 as seen in Figures 9, 10 and 11 respectively. From these figures, it is seen that as the IFFT size is increased the BER is decreased. When guard time is more than 25 percentage of IFFT size, the BER is reduced. In this paper, PLC is proposed as a channel to transmit the HR using OFDM technique. A developed simulation scheme was implemented using Matlab program. It is noted that the noise is the most crucial factor degrading high-speed data transmission over PL networks. However, PLC has the advantage of being an independent communications network where existing cable infrastructure can be used for dual purposes. Future studies can be carried out to reduce BER with the application of advanced error correcting schemes and signal processing tools.
